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Abstract
Genomic assets from the plants innate to abiotic stress environments have the
prospective to be latent in generating stress tolerant plants. Late embryogenesis
abundant (LEA) proteins are decisive phytomolecules, which accumulates mainly in
the late stages of seed development and in the vegetative tissues during exogenous
stresses as a reaction to stabilize the damaged macromolecules. In spite of substantial
research, their mechanism of action to initiate plant tolerance against abiotic stresses
remains enigmatic. Here, the study is a preliminary investigation on LEA2 genes from
the P. dactylifera cv. khalas, a relatively tolerant plant of arid regions. In this aspect,
the current study was undertaken to clone five LEA2 genes from date palm (DpLEA2)
cv. khalas and characterize their functionality towards heat and salt stress tolerance
using yeast knockout mutants. Through the utilization of whole transcriptome
sequencing of date palm, it was found that the DpLEA2 genes were highly expressed
in roots when the seedlings were challenged with salt stress. A total of five DpLEA2
genes were isolated, and analysed using bioinformatic tools, which displayed high
sequence similarity and possession of certain specific conserved motifs. To evaluate
for their possible functions in stress tolerance, three DpLEA2 genes from the five
isolated genes were expressed in Saccharomyces cerevisiae (AXT3K, W303 and
CDC25 strains), a genetically tractable eukaryotic facsimile organism. Heat stress
experiments showed that all the three DpLEA2 genes significantly enhanced the
transformed CDC25 yeast strain survival and viability, with an effective protection to
the yeast cells, while for the salt stress experiments only DpLEA2.4 gene provided
protection to transformed W303 yeast cells, with significantly enhanced tolerance
observation. In grasp of, the results set forth that DpLEA2 genes may have a
remarkable part in amending the tolerance and survival ability of plants or organisms
under heat and salt stresses. This could account them as promising candidate genes
for heat and salt stress tolerance transgenic plant researches and as a forthcoming
functional molecular marker for marker-assisted selection in P. dactylifera genomic
breeding programs for heat and salt stress tolerance.
Keywords: Late embryogenesis abundant (LEA) protein, P. dactylidera, heat stress,
salt stress, yeast expression, abiotic stress tolerance.
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Chapter 1: Introduction
1.1 Overview
Ever since the surfacing of land plants, an inborn exposure to harsh
environmental conditions existed throughout their life cycle, due to plants being
immobile organisms. They are subjected to a hostile environment determined by a
large number of physical and chemical sources that results in high or low temperature,
extreme salinity, heavy metals, water scarcity, flooding and ultraviolet radiations. A
collective term for describing these stresses is known as abiotic stress, which poses a
severe threat to the farming and ecosystem of the world, reckoning for greater yield
loss (Wania et al., 2016). Different traditional strategies are employed for a sustainable
harvest efficiency. However, there is an inflation in the occurrence of abiotic stresses,
contributed by the phenomenon of climate change and pressure of population
expansion.
The traditional methods of countering the abiotic stress are not viable for
meeting the insistence of the world. In such scenarios, biotechnology is the preeminent way through which the productivity of crops can be improved through the
enhancement of their potentiality of resistance or tolerance to abiotic stresses (Kumar
et al., 2018). In biotechnology, wide range of strategies are used for the improvement
of crop yield and quality. In specific circumstances such as that of the United Arab
Emirates (UAE), salt and drought stresses are considered as a major threat to plant
growth and productivity, which further gets aggravated by the issue of heat stress
(Slama et al., 2015). The plants are sedentary in nature, which has to confront the
stresses and develop potent adaptive tactics either to avoid or resist the adverse effects
of different stresses for their survival.

2

A major challenge in abiotic stress biology is to unravel the plants perception
of different stressors, the duration of transduction of early signals within the plants,
the response pathways elicited and their genetic determinations (Yoshida et al., 2014).
Aside from the facsimile plants and set genotypes, the issue is in identification of
signalling pathways and their evolution within a species for structuring a suite of
responses that enables them to adapt to specific stressful environments. Stress
responses are determined primarily by the differentiation of the genotypes of
organisms.
Prodigious progress has been made towards the understanding of the
biochemical and molecular mechanisms that underpin the defence of date palm under
abiotic stresses in the UAE. Being an inhabitant of the harsh desert environments, date
palm remains viable under the saline soils and survives longer periods of heat and
drought stresses (Müller et al., 2017). In spite of its high tolerance to abiotic stresses,
larger volumes of water are required by the date palm for producing commercial grade
fruit and avoiding lower productivity and poor fruit quality when under the
circumstances of abiotic stresses (Hussain et al., 2012). Date palms usually grows and
survives in soils with 12 dS m-1 salinity without any signs of visual damages (Ramoliya
& Pandey, 2003). However, date palm faces a decline of 3.6% in yield for each unit of
rising salts higher than 4 dS m-1 (Maas & Grattan, 1999). Therefore, skimpy increases
in soil salinity can bring about measurable impacts on the productivity (Hussain, et al.,
2012). It is not commercially viable for date palms to have a long-term irrigation with
saline water (Tripler et al., 2011). Apart from yields, salinity collides with essential
agronomic traits including the extension of juvenile stage by 2 years and hampering of
fruit development in adult palms (Tripler et al., 2011).
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The increase in soil salinity, ground water salinity, drought, heat and falling
water tables has occurred in many date palm growing regions (Al-Muaini et al., 2019;
Alfarrah & Walraevens, 2018). Such stresses have resulted in negative damages on the
production of date farms. For instance, in UAE, over-irrigation with increasingly saline
water has caused an increase in soil salinity, a range of 15–20 dS m-1 of salinity is
common in majority of farms (Dakheel, 2003). The emergence of salt-affected areas
resulted in declining productivity and the negligence of crop fields in serious situations
(Dakheel, 2003). Apart from the local perseverance about the productivity of date
palms, the date tree requires a large amount of water, it can require up to 210 litres of
water per palm during high heat periods and nearly one third of underground water is
pumped for date palm irrigations (Al-Muaini et al., 2019). These requirements are
compelling the local officials to limit the watering activities and assess the
repercussions of watering palm trees with highly isotonic water (Al-Muaini et al.,
2019). Such threats call on widening studies towards abiotic stress tolerance of date
palm and building a pillar for improving crop tolerance through genetic analyses of
the abiotic stress tolerance of date palm.
In the natural world, abiotic stresses, such as heat, drought, and salinity, causes
major consequence on plants flourishing and maturing ability, due to the limited
uptake of water (Paz et al., 2006). The increase in temperature damages the integrity
of cell membranes, curbs physiological processes, steers immature ripening and
demise of plant. Salinity dwindles productivity, inhibits biochemical processes with
an attack on the plant metabolism (Robinson et al., 2007). Higher plants such as date
palms have developed a vast range of defence techniques in relation to the
unfavourable climates, with the exhibition of producing a sequence of functional
proteins that lessens the destruction and shields the cells. An instance of such effector
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is the build-up of Late Embryogenesis Abundant (LEA) proteins as a reaction towards
the stress associated with non-living factors (Hachez et al., 2014).
During the late stage of embryogenesis, within the seeds, LEA proteins were
initially appeared. Subsequently, these proteins were detected in seedlings, stems,
roots and in anhydrobiotic bacteria and invertebrates (Sokolovski et al., 2008). LEA
proteins are composed of a class of small hydrophilic polypeptides with a molecular
weight of 10–30 kDa, due to which it develops an extremely hydrophilic shape with
an elevated strength against heat. Furthermore, LEA proteins exhibit plant assimilation
protection against unfavourable environments, with the aid of stabilizing membranes
and proteins, hydration buffering, antioxidant activity, metal ion binding, and DNA
and RNA interactions (Hachez et al., 2014). On the basis of repeated motifs, the
composition of amino acids and phylogenetic link, plant LEA proteins are divided into
eight subsets which are LEA1 (Group 1), LEA2 (Group 2), LEA3 (Group 3), LEA4
(Group 4), LEA5 (Group 5), LEA6 (Group 6), Dehydrins (Group 7) and seed
maturation proteins (SMP’s) (Group 8) (Bao et al., 2012). However, hardly in some
plants, LEA type macromolecule have been examined, for instance in Arabidopsis,
poplar and others (Pospisilova et al., 2015). In disparity, very little have been known
about LEA genes in date palm, and researches on LEA family evolutionary links and
functional properties in date palm are scant.
Therefore, the aim of the present study was to clone and sequence five variants
of LEA2 genes from the date palm cv. khalas and evaluate their functional
characterization towards heat and salt stress using yeast knockout mutants.
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1.2 Statement of the problem
The plant life cycle is constantly burdened by the abiotic stresses amidst the
preceding consequences of environmental mitigation (Bellard et al., 2012), and the
obstructions of agricultural food productivity aggravate in company of escalating
world population contesting for their daily subsistence obtained through the
environment (Wallace et al., 2003). The changes in the climate provokes to affect
mostly the production of agricultural setting, specifically the countries like UAE, due
to their adverting effects of increasing temperature, drought and salinity, which calls
the researchers for formulating adaptive strategies (Rosenzweig et al., 2014). The
limitations to the supply of global food production and changes to the plant
environments forces the research for harbouring of genetically smart crops, that are
resilient and tolerant to wide variety of abiotic stresses (Wheeler & Von Braun, 2013).
All the non-living components of the ecosystem that inflicts harm to different
organisms are part of study of plant abiotic stress analysis (Sulmon et al., 2015). It
encompasses maximal heat, drought, and salinity. A combining of such factors
simultaneously may bring about negative impact to agricultural productivity of UAE,
which shall not be assumed from solitary stress factor (Suzuki et al., 2014). Therefore,
individual novel genetic solutions are expected to open the door for the plants to
survive and thrive under the harsh climates of UAE.
A bounteous approach for achieving such a novel solution is the identification
of genes that are involved in stress tolerance, by using the reverse genetics analyses of
candidate genes recognized through the studies of gene expression and other
bioinformatic methods. The biological role of such candidate genes has most often
been examined through the analysis of overexpression, knockout/knockdown
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genotypes in model, and crop plants (Todaka et al., 2015; Mickelbart et al., 2015).
This study explores the particular overexpression of LEA2 genes from the date palm
into the yeast knockout mutants to bring about improved stress tolerance, often
allowing for applications across different plant species.
Moreover, reflecting on the abiotic stress factors in United Arab Emirates, this
study sites the cloning and sequencing of LEA2 genes from the saline water grown
date palm seedlings, and determines their expression profiles. The functional
characterization of the LEA2 genes are examined in yeast knockout mutants under
heat and saline conditions for their thermotolerance and thermostability.
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Chapter 2: Literature Review
2.1 Farming in arid climates of United Arab Emirates
UAE is a rich country with no foreign exchange limitation for the import of
food. The region avails from the increase of oil and gas prices in various parts of the
world. In spite of the government’s assistance for increasing the local agriculture
production in UAE, either through financial assistance and subsidies, in the year 2000
Gross Domestic Product (GDP) from the agricultural sector was 2% for the country
which has drastically decreased to 0.7% in 2019 (World Bank, 2019). However, the
GDP of most of the Gulf Cooperation Council (GCC) countries was balanced by the
increase of hydrocarbon sectors.
The United Arab Emirates is generally described under the physical water
scarcity countries (IWMI, 2008), which indicates that the water resources development
is proceeding towards or has surpassed the sustainable limits. The country’s
geographical location situates it in the dry land systems of the world, which
experiences a mean annual precipitation (P) of less than two thirds of the potential
evapotranspiration (PET), which is the loss of water from the soil including
transpiration loss by plants. UAE is contemplated as a true desert like country. As a
result, under such desert sandy soils, the drought, heat and salinity withhold the
cultivation of food crops, forages, and other ecosystem processes.
The farming activities in UAE are fetching the environment, as the intensive
groundwater extraction for the past 30 years specifically for irrigating the crops in the
eastern coast of UAE has resulted in devastating seawater intrusion complications.
Consequently, many agricultural farms have either faced reduced productivity
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drastically, or they have been abandoned. Very small number of progressive farmers
have made the use of a small-scale desalination units for desalinating the groundwater
to enable the functioning of the farming activities (Shabbir et al., 2014). The intrusion
of seawater in endangered areas have brought a major collision on the agricultural
practices. Under circumstances with high groundwater extraction, it is essential to
detect the groundwater level for assuring that it does not get depleted to a level where
restoration becomes difficult. There are various scanning techniques such as the
hydrogeological and geophysical methods, which can determine the situation of
current water resources, the extent of seawater intrusion and the level of salinity in the
area.

2.2 Plant abiotic stress
In the living environment of an organism, the negative hit from the non-living
sources is termed as abiotic stress. It can take different forms, such as increase in
temperature, salinity, drought and other environmental extremes that causes some of
the serious mediocre plant growth and yield reduction around the globe (Acquaah,
2012). The conditions of drought are affecting around 45% of the farming regions,
while among the irrigated agricultural areas, 19.5% are regarded as saline (Dos Reis
et al., 2012). In certain situations, a merge of two or more abiotic stresses occurs
together, for instance, drought and heat stresses takes place in as a combined stress in
the fields, which results in a more dreadful yield reductions than one single stress
(Mittler, 2006). The phenomenon of climate change, projects that heat, drought, and
salinity episodes will occur more frequently and severely, which will supplement
reduction of crop productions, particularly in the arid and marginal regions.
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2.2.1 Heat stress
Temperature is an important environmental factor that governs the crop
development and production (Ulukan, 2009). It is speculated that the worldwide
temperature may rise by 0.2°C every 10 years, causing an increase of 1.8 to 4.0°C in
the current temperature by the year 2100 (IPCC, 2007). This forecast is building a
concern around the world, as it has crystal consequences on different species,
impacting either straight or by tempering the nearby ecological factors. Crops, as
specific immobile living beings, possess migration limitation to their preferred
ecological community; as a result, there are substantial effect on the development and
growth of plants, appearing as a destructive force, at high temperature (HT) (Lobell &
Asner, 2003).
Inhibition of seed germination

Heat stress

Oxidative stress

Photosynthesis alteration

Improper reproduction and development of plants

Loss of quality and yield

Reduction of plant growth
Figure 1: Crucial impacts of heat stress
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HT causes manifolds, and often-drastic changes in plant physiology,
metabolism, reproduction processes, and the quantity and quality of fruits (Figure 1)
(Hasanuzzaman et al., 2013). A single most outcome of high temperature is the over
production of reactive oxygen species (ROS), causing an oxidative stress, as seen with
salinity stress (Hasanuzzaman et al., 2013). Plants are constantly under struggle of
survival when placed in various environmental stress situations including HT. It has
direct obvious effects on the germination stage of the plant. It poses negative effects
on a range of different crops during the period of seed germination (Kumar et al.,
2011). The reduction in the germination percentage, emergence rate, seedlings
abnormal growth, poor vigour, are some of the main impacts brought by the heat stress
(Piramila et al., 2012). The inhibition of seed sprouting is brought about under high
temperature conditions, occurring due to evocation of Abscicic acid (ABA) (Essemine
et al., 2010).
A heat sensitive process within the plants is the phenomenon of photosynthesis
(Yamamoto et al., 2008). There occurs a direct correlation between the heat tolerance
and the potential of plants to maintain the leaf gas exchange and uptake carbon dioxide
(CO2) with high temperature (Yang et al., 2006). The intercellular CO2 concentration,
status of the leaf moisture content and the leaf stomatal conductance (gs) are markedly
affected by heat stress. Whilst, each parts of plants are vulnerable to high temperature
during their different cycles of life, reproductive tissues appears to be the most
sensitive. With a little rise in heat at the stage of flowering, flower abortion and loss
of entire grain crop cycles can occur (Lobell et al., 2011). At the same time, wide
differences in sensitivity ranges within and among plant species can exist (Sato et al.,
2006).
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The GCC countries have experienced the climate change impacts in the cast of
higher temperatures and extreme weather events. It was stated in a report by
Worldwide Fund for Nature that the highest ecological footprint around the world in
the year 2010 was found in UAE. In the last two centuries, the year 2010 was
announced as the warmest year for the region. These climatic changes in UAE
threatens the desert ecology at vast. With increase in heat, the situation of water
shortage expands within the country which reduces the production of agricultural
activities, and thereby the revenue sources. The United Arab Emirates receives an
annual precipitation of below 100 mm. The climate models, expects an increase in the
UAE’s annual average temperature of around 1°C in the current year, and an increase
of 1.5 – 2°C by 2040 (Munns & Tester, 2008). As a result, UAE is focused on
developing strategies and essential measures for sustainable productivity of the
country (Al mheiri, 2015).
2.2.2 Drought stress
One of the sole most menaces towards the global food security is the drought
stress. A condition of scarce water resources, an agitator of food scarcity happened
previously. Limited availability of water, the prompt increase in populations and the
demand for higher food will infuriate drought damages (Somerville & Briscoe, 2001).
The incident and precipitation distribution, evaporation rates, and soil water holding
capacity governs the severity of drought stress (Wery et al., 1994).
In the field of agronomy, the extended loss of water affects the growth and
survival of plant species, and results in the reduction of crop yields in the long-run.
On the other hand plant science, equated the description of water loss with that of the
drought, which occurs when the water uptake is exceeded by the rate of transpiration
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(Bray, 1997). These processes shape the quality and quantity of yield and plant growth,
which are contrived by the water deficit (Figure 2). The drought stress reduces the
turgor pressure due to which the growth of cells becomes more sensitive. The
elongation of cells in the higher plants becomes reserved due to the interception of
water flow from the xylem to the adjoining elongating cells (Nonami, 1998). The
decline in the height of plants, leaf area and growth of plant are contributed to the
impaired mitosis, poor cell expansion and elongation in the situations of drought stress
(Hussain et al., 2008).

Drought Stress

Turgidity Loss

Damaged Mitosis

Cell Elongation
Obstruction

Cell Division
Restriction

Growth
Retardation

Figure 2: Mechanism of drought stress generating growth retardation
The total groundwater reserves in the Emirates of Abu Dhabi are around
640,000 million m3. About 3% of these reservoirs are freshwater, which are under
protection as an emergency strategic water reserve, while 79% of it is highly saline
(7000 – 30000 ppm). The remaining 18% of these water reserves are brackish water,
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which are usable for agriculture and other purposes. Only a 5% of the total annual
groundwater is regarded as renewable, which recharges after the use. In terms of the
recharge rate of groundwater, the extraction has exceeded it by 23 times. A drop of 1.5
to 5 m/yr has been evident in some parts of the country. The groundwater is considered
as a non-renewable resource for the Emirates of Abu Dhabi. The utilizable
underground water is expected to end within fifty years if current extraction rate is
maintained (Eddin, 2014).
Plants respond to drought stress using different yield-determining
physiological processes. Crop production combines various biological phenomenon’s
in composite ways. Therefore, it is hard to examine plants accretion, merging and
representation of indeterminate physical and chemical phenomenon’s during the
different stages of growth and development. Drought intensity, length and period,
reaction of plants post-stress abolition, and connection of drought stress with other
components are salient (Plaut, 2003). For example, drought present at pre-anthesis
decreases the time to anthesis, while at postanthesis it decreases the grain-filling period
in triticale genotypes (Estrada-Campuzano et al., 2008). In barley (Hordeum vulgare),
drought stress declined grain yield by decreasing the tillers, spikes and grains of each
plant and individual grain weight. Post-anthesis drought stress was detrimental to grain
yield regardless of the stress severity (Samarah, 2005).
The studies in the past has provided valuable insights towards the plants
molecular techniques of water stress bearance (Hasegawa et al., 2000). The major
operations that reduces the yields of the crop as a result of water stress are the reduction
in the absorption of photosynthetically active radiation by the plant canopy, efficient
use of radiation gets decreased and reduction of product occurs (Earl & Davis, 2003).
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Duplicability of drought stress conditions appears extremely ponderous, which
remarkably hinders studies of the drought tolerance in plants. A time consuming
process in disclosing the tolerance to drought mechanisms had obstructed the longestablished breeding endeavour and the use of contemporary molecular perspectives
for enhancing drought tolerance of agricultural crops (Xiong et al., 2006). Whilst, the
plants reaction towards the conditions of drought are well known, but the role
functional proteins such as the LEA proteins play for the performance of the plant
developed in a composite climate having different stress factors occurring
correspondingly is incomplete. Accordingly, concurrent responses are vital for the
plants tolerance for the different stresses, such as the heat, drought and salinity stresses
occurring during the same instance. (Zhou et al., 2007).
2.2.3 Salinity stress
The lands for farming are decreasing instantly due to pressure factors from
different sides, including the adverse changes in the climate, occurrence of different
calamities and increase in the population (Hasanuzzaman et al., 2013). In entire world,
around 831 million hectares of land are affected by salinity, among which 397 million
hectares are saline soils and 434 million hectares are sodic soils (FAO, 2000). As for
the irrigated lands, more than 45 million hectares are subject to adverse effects of salt,
which account for 20% of total land. Each year, due to the stress of salinity, nearly
1.5 million hectares of land are taken out of production (Munns & Tester, 2008). If the
current rate of salinity is carried on, by the middle of 21st century, half of the cultivable
lands will be lost (Mahajan & Tuteja, 2005). It has been predicted that by the year
2050, salinization would cover up more than 50% of the arable land (Jamil et al.,
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2011). Such scenarios necessitate the development of salt tolerant plant and the need
of soil and irrigation management.
Salinity is one of the most serious and stubborn stresses which is magnified by
the ever-increasing level of salts in the arable lands worldwide (Yuan et al., 2015).
Majority of the plants cannot survive when NaCl concentrations surpasses 200 mM
(Zhou et al., 2016) as it impinges their lifecycle comprising the process of seed
germination, vegetative growth, and fertility of flowers (Guo et al., 2018). These
consequences are the side effects due to toxic ion concentrations, changes in osmotic
pressure, oxidative damage, and the decline in the nutrient availability (Feng et al.,
2014).
The salinity of the ground water is one of the major problems for the
sustainable agricultural farming in UAE. During the period from 1981 to 1993, the
salinity has doubled, specifically in the northern parts of UAE (Rizk et al., 2007), while
in the southern parts of UAE, there has been an increase of three folds in the salinity
of groundwater, which was considered as a drastic increase. Moreover, in central parts
of the country the salinity level in the ground has almost doubled (Murad et al., 2007).
In UAE, one of the chief causes of salinity stress is the seawater intrusion in the
aquifers particularly near the coastal regions. Recently, it was observed that the sea
water intrusion has stretched 8 km inland from the coast of the Gulf of Oman (Kunth
et al., 2006).
There are wide range of reasons for the increase in the salinity stress. It can be
attributed to the natural activities such as the accumulation of sea salt driven by the
rain and wind, parent material weathering and release of salts, and the overflow of
coastal land due to the tidal water. In addition to these are the anthropogenic activities,
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which includes irrigation with saline water and rapid rise of water table due to
unrestrained pumping of groundwater (Manchanda & Garg, 2008). There is a negative
influence of the salinity stress on the plant growth, germination, reproduction, nutrient
balance, activity of enzymes and physiological processes, such as the photosynthesis,
respiration, transpiration, and membrane properties. It affects the cellular homeostasis,
regulation of hormones and causes ROS release. Under situations with severe salinity,
the plant death occurs (Mahajan & Tuteja, 2005). The issue of salinity is a nonstop
process with its remediation being labour and cost intensive. A simple solution to this
complex global problem cannot be developed unless using multidisciplinary approach.
There are different paths for proper utilization and remediation of saline soils including
the investigation of genomics of salt tolerant plants, appropriate changes in agronomic
practices, and phytoremediation. Among these approaches, the process of
development of salt tolerant crops tends to be a sound technology and cost effective
approach for making the use of irreversible salt-affected areas.

2.3 Genomics of date palm for survival under abiotic stresses of arid regions
Date palm is a principal agricultural crop in UAE. It occupies a high
socioeconomic and a high value nutritious fruit status. For some of the local
populations, the yields of date palm can act as a main source of income (Chao &
Krueger, 2007). Apart from it, date palm is relatively tolerant to heat, drought and
salinity stresses present in the region. However, a tremendous increase in the soil
salinity has affected the yields of large number of date fruits (Yaish et al., 2017).
A wide range of anatomical characteristics found in the date palm has been
attributed to its tolerance to arid region stresses. For instance, date palm possesses
waxy, thick cuticle and pinnately composite leaves enclosed with numerous spines that

17

wraps the developing tip. Date palms extensive root structure lures moisture within
wide range of soils. Such characteristics decrease evaporation rate, maximizes the
uptake of water, which contributes to date palms tolerance towards the drought stress
(Sané et al., 2005). However, large intervals of drought impact date palms
development and fruits yield (Elshibli et al., 2016).
A novel stress-avoidance strategy was inferred by Safronov et al. (2017), after
using genomics profiling for outlining P. dactylifera’s responses in the environments
of heat and drought stress. The two stresses had alike impacts such as the increase of
dissolvable macromolecules and antioxidant activity in the cytosol, chloroplasts, and
peroxisomes. They reported differentially expressed genes entangled in cyclic rhythm
for its reaction towards combination of stresses of high temperature and water scarcity.
There are certain date palm cultivars that are able to grow and develop even
with the salinity level of 12.8 dS m-1 (Ramoliya & Pandey, 2003), while others can
tolerate only a moderate level of salinity ranging between 4 to 10 dS m−1 (Yaish &
Kumar, 2015). In spite of varied level of salt tolerance among the cultivars of date
palm (Al-Abdoulhadi et al., 2011a), the molecular mechanism of its salt tolerance are
poorly understood (Yaish & Kumar, 2015). The khalas cultivar of date palm is one of
the most widely grown in the United Arab Emirates due to its huge, and vital fruit
products. It is extremely used in breeding programs of UAE date palms (AlAbdoulhadi et al., 2011a). This cultivar relatively tolerates heat, drought and salinity
stress (Al-Abdoulhadi et al., 2011b). Recently, a transcriptomic analysis for date palms
response towards the salt stress was conducted (Radwan et al., 2015), where seedlings
of date palm were shock treated to salinity levels of 150 mM NaCl for 2 to 4 hrs after
removal from the soil, DEGs were examined in the root. The time period of treatment
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exhibited mainly the reactions to the osmotic effects of salinity, discarding particular
saline DEGs that came up after various days of continued stress (Jamil et al., 2011).
They did not investigate the genomic data of LEA proteins. Thus, genomic analysis to
understand particular changes in LEA gene expression needed for salinity tolerance in
date palm are still called for, that could reveal unique pathways or novel genes that are
responsible for salt-adaptation phenotype.
In their recent study, Patankar and his colleagues (2019a) have investigated the
role of salinity-responsive genes from date palms by introducing them in different
systems. Metallothioneins (MTs) are cysteine rich proteins which acts in declining the
oxidation harm caused by stress environments. Patankar et al. (2019a) had transferred
PdMT2A, date palm metallothionein gene, in a saline-susceptible yeast
(Saccharomyces cerevisiae) strain that granted it protection to different stress
treatments. The gene PdMT2A overexpression in transgenic Arabidopsis ensued
reduction of NaCl aggregation and preserved the ratio of K+/Na+ in relation to wild
type, that was contributed to the High-affinity Potassium Transporter (HKT) by them.
Moreover, the transformed Arabidopsis that appeared to be tolerant to drought and
oxidative stress showed large superoxide dismutase activity (SOD), higher chlorophyll
content, and superior scavenging capacity of ROS.
To explore the molecular mechanisms of date palms salt tolerance, Yaish et al.
(2017), profiled RNA’s from the roots and leaves of seedlings exposed to NaCl for
ten days. There occurred a differential effect on photosynthetic parameters under the
salt stress. There was a decrease in the gas exchange parameters, at the same time
quantum yield of photosystem II (PSII) remained unaffected, and an increase in nonphotochemical quenching was observed. The gene expression analyses showed that
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2630 and 4687 genes were expressed differentially in leaves and roots independently
in relation to salinity. Among these genes, 194 genes were recognized as frequently
reacting in both tissues. Gene ontology (GO) investigation in leaves represented an
enhancement of gene copies that were tangled in metabolic processes such as oxidative
phosphorylation, photosynthesis, and sucrose and starch metabolism, while on the
other hand for the roots, there was an enrichment of the genes involved in
phenylpropanoid biogenesis, transferring between membranes , purine, thiamine, and
in other metabolisms. The DEGs often involved were, GH3, HKT8 and NHX.
There was a report of the expression of date palms aquaporin PdPIP1; 2 in yeast
with improvement in the salt and oxidative stress tolerance (Patankar et al., 2019b). In
addition, the introduction of the same gene in Arabidopsis represented an enhanced
tolerance in comparison to wild type by possessing high biomass, chlorophyll and
increased root expansion. This study illustrated the role of date palm gene that
provided tolerance against salinity.
The ABA was applied to the leaves of date palm in a study to mimic the impacts
of drought (Müller et al., 2017). A wide convergence in DEGs in date palm and
Arabidopsis drought resistance genes was indicated. For example, response of date
palm towards ABA included familiar genes in Arabidopsis such as Adenosine
triphosphate (ATP) binding cassette (ABC) transporters, phosphatases in the PP2C
family, MYB74, a guard cell transcription element and late embryogenesis abundant
proteins (LEAs). However, the functional characteristic of the expressed LEA genes
was not investigated in their study.
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2.4 Late Embryogenesis Abundant Proteins (LEA proteins)
A massive damage to crop production and to the environments natural stability
has occurred due to the abiotic stresses (Cramer et al., 2011). To retain the productions
and stability of the ecosystem, understanding the molecular stress cope up mechanism
is a key for the activation and regulation of particular stress-related genes (Lawlor,
2013). These stresses leads to a concatenation of changes including the alteration of
physiological processes and biochemical activities such as the build-up of osmolytes
and specific proteins that play a role in the stress tolerance (Shinozaki & YamaguchiShinozaki, 2007). A significant group of proteins that contributes to the mechanism of
abiotic stress tolerances is the LEA types of protein or dehydrins (Arumingtyas et al.,
2013). The LEA proteins are distinguished by their disordered structures and repeated
motifs, a specific functional group of genes, (LEA)-type genes, predominantly, the
calcium conditional signalling molecules actuates LEA proteins that conversely assists
in the mending of the damages that the plants acquire under the various environmental
abiotic stress (Xiong & Zhu, 2002). Apart from the LEA genes, the synthesis,
expression and the biological tasks of LEA proteins are determined by the stages of
development, changes in hormones and ions, and by the dehydration (Hong-Bo et al.,
2005). As a result, plants emit complex regulatory pathways for their defences during
adverse environmental conditions. Majority of stress tolerance mechanisms are
dependent on proteins that get involved either directly through their functioning in
abiotic tolerance or indirectly through the regulation of various signalling pathways
that enhance stress toleration. Therefore, LEA gene group are paramount of useful
proteins that succours in reduction and protection of damaged cells under
environmental abiotic stress (Hirayama & Shinozaki, 2010).
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The first observation and identification of LEA genes was in the late-stage of
mature cotton seeds (Dure et al., 1981). Since this detection, they have been identified
in the seedling stages, and in different parts of plant, specifically under the abiotic
stress conditions that causes the dehydration of cells (Hincha & Thalhammer, 2012).
In addition to plants, the identification of LEA genes have also happened in bacteria’s
and invertebrates (Hand et al., 2011). The accumulation of LEA proteins occurs during
the late embryonic development, however it can be induced by different abiotic
stresses as well (Dure et al., 1989). In comparison to other proteins which are involved
in the tolerance of abiotic stresses, there exists no significant enzymatic activity for
LEA proteins; and are intrinsically disordered proteins (IDPs), are extremely
hydrophilic and intrinsically unstructured in the state of hydration but fold partially
mainly into α-helical structures under the conditions of dehydration (Hincha &
Thalhammer, 2012). Due to this characteristic, they are able to function as chaperones
via preventing proteins in aggregation under the abiotic stress conditions (CuevasVelazquez et al., 2014). In addition, LEA proteins are involved in the perseverance of
membranes, attaching to calcium and metal ions, and covering other useful proteins in
opposition of aggregation (Rosales et al., 2014).
LEA proteins possess the potential of transiting from the order to disorder form
in a number of variant in vitro environments (Cuevas-Velazquez et al., 2017). Such
chemical feature enable the LEA protein to configure homodimer and heterodimer that
interconnect with several molecules (Hernandez-Sanchez et al., 2017). The everpresent dispensation of LEA proteins in other organisms implies their such
homogeneous shielding property towards abiotic stresses are present in plants as well
(Costa et al., 2017).
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2.4.1 Classification and functional characteristics of LEA proteins
The LEA proteins are classified into eight groups on the basis of the sequence
of their amino acids, the homology, and conserved motifs. They are LEA1, LEA2,
LEA3, LEA4, LEA5, LEA6, dehydrins, and SMP’s (Dure, 1993). The chief groups
are LEA1- LEA5, occurring in most of the plants (Zhang & Zhao, 2003). The LEA1
proteins carry a 20-amino-acid motif (GGETRKEQLGEEGYREMGRK) the Gly,
Glu, and Gln residues being high (Espelund et al., 1992). The LEA2 possesses a motif
termed as K-segment (EKKGIMDKIKEKLPG), it enables the LEA2s chaperone
property for protecting the proteins under the abiotic stress (Bies-Etheve et al., 2008).
The LEA3 proteins possess 11-amino acid sequences (TAQAAKEKAGE) which are
dupliacted 13-times (Zhang & Zhao, 2003). The LEA4 doesn’t display repeats rather
consists of a conserved structure which allows it to form a

-helical structure

(Hundertmark & Hincha, 2008). The LEA5 gets involved in seed maturation and
dehydration, which contains lesser amino acid homology (Bies-Etheve et al., 2008).
The LEA6 are determined by two motifs, first motif has LEDYK which is changed
into proline and threonine at point 6 and 7 in second motif (Maskin et al., 2007).
LEA proteins are omnipresent which are confined in nucleus, cytoplasm,
chloroplast, mitochondria, and ER (Candat et al., 2014). The localization of LEAs is
unspecific and their particular functions hang on their intra-cellular locations (Amara
et al., 2014). For example, the LEA3 of peas which is localized in mitochondria
protects rhodanese and fumarase from inactivation under dehydration (Grelet et al.,
2005), while the LEA2, LEA4 and LEA7 localized in nucleus display DNA binding
(Hara et al., 2009). The LEA2 and LEA4 proteins containing histidine motifs enables
them for binding divalent cations and sequestration of ions (Hara et al., 2005). The
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presence of charged amino acids like alanine, serine/threonine makes it hydrophilic.
The existence of repeated motifs on LEA allows for their attainment of secondary
structure (Tunnacliffe & Wise, 2007). Even though, they are highly disordered,
hydrophilic in nature, LEA proteins acquire structural folding into

-helical

conformations (Hincha & Thalhammer, 2012). It is suggested that the LEA proteins
functions by shielding the cellular structures damaged due to water loss from abiotic
stresses, by performing as hydration buffers, renaturing unfolded proteins, protecting
other proteins, and sequestering ions (Brini et al., 2011).
The eminence of LEA proteins is described by a vast range of studies. The
maturing seeds obtain their tolerance against desiccation during the late stages of seed
development due to phosphorylated LEA2 proteins (Ling et al., 2016). As suggested
that LEA proteins are able to stabilize macromolecules and other membranes, they are
evinced as frequent ingredients connected to the tolerance of wide stresses (Jia et al.,
2014). For instance, the LEA3 gene from the maize was observed to be instigated by
ABA and high salt contents (Thomann et al., 1992), which later on proved to reduce
the shrinkage of cells under dehydration (Amara et al., 2012). Simultaneously, in
wheat an unknown LEA gene was discovered that is inducted by tolerance of cold
(Sasaki et al., 2014). The decreased expression of a LEA gene from C. elegans,
CeLEA1, resulted in poor existence under dehydration, heat and salinity stresses (Gal
et al., 2004), while the abnormal expressions of LEA in wide range of species
described their role against the stress shielding (Wang et al., 2014). The differential
expression of a Barley LEA gene into wheat and rice (transgenic) enhanced their
tolerance towards the drought and salt stress (Xu et al., 1996). Similarly, the
overexpression of Nicotiana Tabacum LEA (NtLEA7.3) in Arabidopsis provided the
transformed plants with improved ability to resist the stresses of cold, drought, and salt
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(Gai et al., 2011). In the maize plant, the LEA protein Rab28 present in embryo nucleus
enhanced the tolerance of transgenic maize plants to drought stress (Amara et al.,
2013). Therefore, the LEA proteins not only played a role towards the stress of
dehydration but played a role in other different pressures from non-living sources and
for coping up with the adverse environmental circumstances.
Dang and his colleagues (2014) screened for the possible functions of late
embryogenesis abundant (LEA) proteins in cellular stress tolerance. In their study,
they had expressed 15 candidate genes from six Arabidopsis thaliana LEA protein
families into the Saccharomyces cerevisiae. The desiccation stress experiments
displayed that eight of the 15 LEA proteins inevitably improved the survival of yeast.
They showed that two of three LEA2 proteins and all three of LEA4 proteins were
effective but none of the proteins belonging to the LEA1 or LEA5 families supplied
protection to yeast cells. In addition to Saccharomyces cerevisiae, the authors
expressed three Arabidopsis proteins LEA1, LEA2.6 and LEA2.7 in Escherichia coli.
The bacteria could successfully express all the three proteins in inclusion bodies from
which they could be purified and refolded. It was reported that none of these proteins
were able to stabilize liposomes under the stress of freezing or drying, however, all of
these proteins were able to protect the enzyme lactate dehydrogenase (LDH) from
inactivation during freezing. Significantly, only LEA1 and LEA2.7, had accomplished
the stabilization of LDH during desiccation and subsequent rehydration, including the
protection of yeast cells in the course of drying.
Artur et al. (2019) inferred in their in silico analyses that Xerophyta schlechteri
LEA proteins (XsLEAs) had the property of IDP with a tendency to mix up with water
molecules. The authors indicated that such proteins are unstructured in moisture but
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with exposure to hydrophobic solution they gain a secondary structure. This shows
that the structural dynamics is vital for their functioning in subcellular environments.
The capability of preserving the role of LDH enzyme towards dehydration, HT and
salinity, in addition to development of E. coli under the osmotic and salinity
demonstrated the protective properties of XsLEAs. Among the different groups of
LEA proteins, the authors displayed that the LEA1 (XsLEA1.8) owned the highest
IDP tendency with protection capability both in artificial environment as well in living
organisms, which strengthened the Arabidopsis thaliana’s forbearance. The outcome
of their study advocated form pliability in XsLEAs was necessary defensive property
for countering the smaller cell injuries resulted of abiotic stresses.
Magwanga et al. (2018) reported most of the LEA2 genes are highly expressed
in leaves and roots of cotton plants, as these are the major organs which are under the
threat of water stress. The expression levels were much elevated in the Gossypium
tomentosum as compared to Gossypium hirsutum. The genotypes of the tolerant variety
had much more capacity to incite more of LEA2 genes. Over expression of the
transformed gene, CotAD24498, represented that the LEA2 genes were vital in stirring
up the root growth and in conferring the drought stress tolerance. In their study, they
inferred that among the LEA2 genes, CotAD24498, CotAD20020, CotAD21924 and
CotAD59405 were some of the candidate genes with intense functional properties for
upland cottons under the drought. As compared to the wild types, the authors showed
that transformed Arabidopsis plants with LEA2 genes of upland cotton displayed
higher tolerance levels to drought stress. In the transformed lines, an increase in root
length, significant reduction in oxidants, a large proportion of increase in antioxidants,
catalase (CAT), peroxidase (POD), accumulation of superoxide dismutase (SOD),
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hydrogen peroxide (H2O2) and malondialdehyde (MDA) concentrations was evident
under the drought stress conditions.
2.4.2 LEA2 genes and proteins
The LEA2 proteins primitively “D-11” group of LEA was recognized in the
growing embryos of G. hirsutum, cotton (Hughes & Galau, 1989). They are expressed
ubiquitously in gymnosperms (Richard et al., 2000) and flowering plants (Campbell
& Close, 1997), also identified in algae, yeast, and cyanobacteria through
immunological assays (Li et al., 1998). It forms a sub-category of protected substantial
glycine, water-loving protein that are interlinked to their confrontation of salinity
(Garay-Arroyo et al., 2000). After exposure to dehydration, salinity, cold, freezing
stress and ABA treatments, dehydrins get induced specifically in maturing seeds or
vegetative tissues (Close, 1996). A constructive link in LEA2 acquisition, the role of
LEA2 transcripts against different stresses of salinity, heat, drought, cold acclimation
and chilling or freezing has been reported in numerous studies (Borovskii et al., 2000;
Choi et al., 1999).
In general, the LEA2 forms an affinity with water molecules, and
accommodate a large amount of charged and polar and a low amount of nonpolar
amino acids (Garay-Arroyo et al., 2000). Such a make-up partiality elucidates the heat
stability of LEA2. A largely preserved Lysine abundant amino acids chain described
as K-segment distinguishes dehyrdrins from other LEA proteins (Campbell and Close,
1997). K-segments positioned in the terminus-C with a duplication of one to eleven
(Figure 3; Table 1). Furthermore, the majority of LEA2 proteins consists of an extra
preserved succession termed as Y-segment, positioned at terminus-N, usually present
in one to 35 tandem copies (Figure 3; Table 1) (Close, 1996). The Ser tract repeats (S
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segment) are also present in many dehydrins go through the phenomenon of chemical
addition of phosphoryl group that involves in macromolecule positioning (Goday et
al., 1994). The alpha helical shapes are projected by the K-segments (Dure,
1993; Close, 1996).
Group 2 (D-11) 80-620 aa
PFAM: PF000257
YSK
n = 1-35
y = 1-3

SK
n = 1-11

K
n = 1-11

KS
n = 1-3

YK
n = 1-11
y = 1-4

Figure 3: Illustration of the positions of the repeated sequence that differentiates
LEA2 sub-groups. Source: (Battaglia et al., 2008)
LEA2 proteins are described as the most characterized and unstructured group
of LEA proteins (Hanin et al., 2011). In some of the LEA2 proteins, they exist with
some less conserved motifs ( -segments), which lay interspersed between K-segments
and are usually rich in polar amino acids (Campbell & Close, 1997). The occurrence
and disposition of such repeated sequence in a single chain of amino acids permits the
LEA2 categorization (Campbell & Close, 1997). The K-group involves proteins that
only consists K-segments, while SK-group involves the segment-S followed by
segment-K, it possesses other groups as well (Figure 3) (Campbell & Close, 1997).
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Proteins with such specific shapes are found in wide range of plants (Saavedra et al.,
2006; Iturriaga et al., 2006).
Since, a more detailed examination of LEA2 genes appeared crucial for
understanding their usefulness as a stress tolerance gene. For such an aspect, the
current study analysed functional characteristics of the LEA2 genes from Phoenix
dactylifera.
Table 1: Consensus sequence of amino acids of different motif characteristics of
LEA2 proteins. Source: (Battaglia et al., 2008)

2.4.3 LEA genes in Phoenix dactylifera
Phoenix dactylifera is one of the native species in UAE, which is able to thrive
under the harsh arid climates with its potentially high economic value. To this end, the
research was captivated by its special mechanisms under the abiotic stresses of arid
regions, with the hope of uncovering the role of novel LEA genes in its resistance
mechanisms. To the known extent, there are hardly any investigations of LEA genes
from date palm and their molecular mechanism towards abiotic stress tolerance,
excluding one examination detailing date palm khalas cultivar LEA gene expression
(Al-Mssallem et al., 2013).
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Date palms flourishes in the arid regions of the UAE, provisioned resistance
against heat, dehydration and osmotic stress. Regardless of its physiology, the
augmentation of genomic exploration in date palm is anticipated. Al-Mssallem et al.
(2013) perused LEA genes collocated in the taxa into 8 groups and 84 genes. LEA2
genes are opulent in the date palm; possessing 62 LEA2 gene members in it, in
comparison to 52 and 46 in rice and sorghum, respectively. Most of their expressions
were specific to stages of development and particular organs or tissues (Figure 4). In
general, the group LEA1, 3, 4, 5, 6, 7, SMP and dehydrin were either seed associated
or male flower associated, while the LEA2 members were nearly all ubiquitous. As
some of the LEA2 genes have been demonstrated to enhance tolerances to cold,
desiccation, salinization and osmotic stresses in various plants (Shao et al., 2005),
diversification of date palm LEA2 genes might be accountable in its arid region stress
tolerance.
Gleaned from the miscellanioueous characteristics of LEA proteins descripted
before, the study intrigued these proteins equivalent property in Phoenix dactylifera.
As a result, the following study focused to isolate, duplicate, spot, and inspect
the Phoenix dactylifera’s LEA2 genes feasible role.

Fruit

Seed

Root

Offshoot

Male flower stage 3
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Figure 4: LEA genes expression patterns from khalas cv. of date palm in different
tissues. Source: (Al-Mssallem et al., 2013)
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2.5 Transgenic approach for the provision of plant abiotic stress tolerance
The biotechnology of aridland plants is an exhilarating field for research and
innovation. The use of biotechnological applications such as the technique of genetic
engineering or genome editing are promising ways for generating tolerance against
abiotic stresses. Some of the advance approaches in plants biotechnology includes the
transfer of multigene, site-specific integrations and the expression of specifically
regulated genes (Liu et al., 2013). As a result, such recent progresses in various
biotechnological techniques will headway instigation of prudent gene candidates that
assure to transfigure ecological diverseness. Contemporarily, studies mostly
centralized in detecting and amplifying such stress tolerant genes (Wang et al., 2003).
The development of a heat, drought or salt tolerant plant requires deep
understanding of the mechanisms and the pathways associated with the tolerance of
these stresses. Therefore, the identification of heat, drought and salt tolerant gene
candidates, are essential for achieving such objectives. In this concern, LEA proteins
constitutes as a model protein for engineering structural stability in plants and
enhancing their tolerance to abiotic stresses. The precedent areas of study in plant
biotechnology involves the techniques of explant propogation, genome editing and the
science of omics. These techniques ease the elevated output examination of plants
desirable genes that are involved in the tolerance of environmental stresses (Garg et
al., 2016).
Over the last two decades, the plant genetic engineering processes for the
development of abiotic stress tolerance have been studied intensively. The gene
expressions are being examined that are possibly involved in plant defence signalling
pathways specifically the genes that encodes for proteins that confer abiotic stress
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tolerance. The current study sheds new light on the molecular and functional properties
of LEA2 genes from the date palm that encodes for LEA2 stress-responsive proteins
and highlights their usefulness for bioengineering crops that will be more tolerant to
abiotic stresses. Several important accomplishments have been achieved through such
efforts of improving plant stress tolerance (Noman et al., 2017); however, the tasks
are made tremendously difficult due to the genetically complex mechanisms of abiotic
stress tolerance (Mishra et al., 2017). Therefore, plant biotechnology should be fully
amalgamated with the traditional breeding and the physiology of plants.
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Chapter 3: Materials and Methods
3.1 Study area
A major part of the work was carried out in the Biotechnology Laboratory at
UAEU, College of Food and Agriculture. There was collaboration with the Khalifa
Center for Genetic Engineering and Biotechnology for some experiments that dealt
with the transformation of yeast.

3.2 Ma erials and eq ipmen s
The biotechnological laboratories were well equipped with all the basic
instruments that were needed for plant molecular and cell biology experiments. The
materials such as the refrigerated centrifuge, incubator-shaker, incubator for bacteria
and cell growth, laminar and chemical hoods, gel documentation, DNA and protein
electrophoresis systems, freezers (-20°C and -80°C), PCR and real time PCR
machines, growth chamber to handle the growth cultures and all the small equipment’s
utilized for the study were available in the laboratories.

3.3 Plant and growth conditions
The date palm cv. khalas seedlings used for analysis in this study were provided
by the date palm tissue culture laboratory from UAEU. A saline solution was prepared
with 250 mM NaCl, by mixing 2.2 g of MS media with 14.62 g of NaCl in 1L of
distilled H2O, pH adjusted to 5.76. The salt concentration was approximately 15000
ppm. The seedlings were maintained in the growth chambers with 16 hours of light
and 8 hours of dark. The plants morphological characteristics were recorded for each
week.
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3.4 Total RNA extraction, cDNA synthesis and qRT-PCR analysis
After three weeks of salt stress, the total RNA was isolated from the date palm
cv. khalas seedling roots using the RNeasy® Plant Mini Kit (QIAGEN, Germany)
according to the manufacturer’s instructions. First strand cDNA was synthesized using
a PrimeScript RT reagent PCR Kit (TaKaRa, Japan), and the synthesized cDNAs were
used as templates for PCR with specific primers designed using Primer Premier 6.0
(Table 2). The parameters of PCR were as follows: initial denaturation of 95°C for 3
min, denaturation of 95°C for 30 seconds, annealing temperature of 55°C for 30
seconds, extension of 72°C for 1 minutes and a final extension of 72°C for 7 minutes.
The steps (Denaturation to Extension) occurred for 30 cycles.
Table 2: Primer sets for LEA2 genes extraction from date palm seedlings

3.5 Gel electrophoresis
A 1% of agarose gel was prepared by mixing 0.5 g of agarose and 50 ml of 1x
TBE buffer, melted and casted to the corresponding tray. Around 4 µl of ethidium
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bromide was added to the crystal solution for the visualization of LEA2 gene bands.
The agar was left for solidifying for 15 – 20 minutes. From the PCR product, 10 µl
was mixed with blue dye and ran through the gel at 100V for 90 minutes. The amplified
bands were checked for the expected size of the corresponding LEA2 genes.

3.6 Excising, purification, cloning and sequencing of LEA2 genes
Upon amplification, LEA2 gene bands were excised from the agarose gel,
purified using GenElute minus ethidium bromide spin columns (Sigma, St. Louis,
MO), and were cloned using the NEB PCR Cloning Kit with pMiniT 2.0 vector
and E. coli chemical competent cells (New England, BioLabs, Inc.). The Positive
colonies with the insert were grown overnight at 37°C in Luria Bertani (LB)-broth
with 100 g/ml ampicillin. The QIAprep spin mini prep kit (Qiagen, Valencia, CA)
was used to isolate the plasmid DNA. For the confirmation of the presence of inserts,
the plasmid DNA was digested using restriction enzyme EcoRI. The products were
analysed on a 1% agarose gel and the concentration was estimated on the Nano-drop
Spectrophotometer. The sequencing of the LEA2 cloned genes was performed by
Macrogen TM, Korea. Upon the sequencing, database searches were conducted using
Blastn and Blastx search algorithms provided by the National Centre of Biotechnology
Information (NCBI) with the basic local alignment search tool (BLAST).
3.7 Re-amplification of LEA2 genes with primers containing BamHI and EcoRI
restriction sites
To the previous primer sets, BamHI site was added from the start codon with
5’ end and EcoRI site to the stop codon 3’ end. The corresponding plasmids with LEA2
genes were used as templates to be re-amplified by PCR with Phusion Taq DNA
polymerase and the new primers containing the specific BamHI and EcoRI restriction
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sites (Table 3). The parameters of PCR were as follows: initial denaturation of 95°C
for 3 min, denaturation of 95°C for 30 seconds, annealing temperature of 55°C for 30
seconds, extension of 72°C for 1 minutes and a final extension of 72°C for 7 minutes.
The steps (Denaturation to Extension) occurred for 30 cycles.

3.8 Restriction digestion with BamHI and EcoRI restriction enzymes
The re-amplified LEA2 genes with BamHI and EcoRI restriction sites were
digested using the corresponding BamHI and EcoRI restriction enzymes (New
England BioLabs Inc.). A reaction solution mixture of 30 µl was prepared for each of
the samples and the pYES2 vector separately. Each reaction mixture contained 15 µl
of DNA sample, 3 µl of buffer 10x, 1 µl of each BamHI and EcoRI enzymes, and 10
µl of RNase free H2O. The reaction was incubated at 37°C for 1 hour.
Table 3: Primer sets with BamHI and EcoRI restriction sites

3.9 Subcloning of LEA2 genes into pYES2 vector
The adjacent step was to subclone the digested purified DNA fragments of
LEA2 genes into pYES2 vector and to transform the bacterial E. coli cells. The object
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of transforming the plasmid into bacteria before yeast was to confirm if the DNA
fragments digested with BamHI and EcoRI were cloned into the plasmid pYES2 in the
correct orientation before their introduction into the yeast knockout strains.
The different date palm LEA2 gene fragments were subcloned into the pYES2
vector and then transformed to chemically competent E. coli (NEB Cloning Kit, New
England, BioLabs, Inc). The transformed cells were grown through the LB+AMP
plates overnight, and examined for growth the coming day. The growth was as
expected in the control plates, with no growth on negative controls, and growth on the
positive control plates. From each of the individual colonies, four were selected from
each plate and transferred into LB+AMP liquid culture tubes for their growth overnight
at 37°C.
The next day, bacterial cells were harvested by centrifugation and plasmid
DNA extraction, performed according to QIAprep spin mini prep kit (Qiagen,
Valencia, CA). To verify if clones carried the LEA2 genes correctly in the pYES2
vector between BamHI and EcoRI sites, PCR, was performed using primers BamHI
and EcoRI restriction sites (New England Biolabs). The parameters of PCR were as
follows: initial denaturation of 95°C for 3 min, denaturation of 95°C for 30 seconds,
annealing temperature of 55°C for 30 seconds, extension of 72°C for 1 minutes and a
final extension of 72°C for 7 minutes. The steps (Denaturation to Extension) occurred
for 30 cycles. The PCR products were analyzed on 1% agarose gel run at 100V for 90
minutes.
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3.10 Expression of date palm LEA2 genes in Saccharomyces cerevisiae yeast
To determine the role of date palm LEA2 genes in abiotic stress tolerance, three
yeast strains were used in this study: AXT3K, W303 and CDC25, a weak heat sensitive
and slow growth at 25–30°C (Table 4). They were transformed with the recombinant
yeast vector pYES2-DpLEA2. The pYES2 is a 2-µm-based multi-copy yeast plasmid,
which contains the URA3 gene and the Gal1 promoter that is used for the selection
and expression of genes in yeast. The recombinant pYES2-DpLEA2 and the empty
vector pYES2 were introduced into yeast cells using the Frozen-EZ Yeast
Transformation II

instruction manual. The recombinant yeast colonies were grown

on YPD (Yeast Extract Peptone Dextrose) broth media with ampicillin for 2-4 days.
The recombinant yeast cells with DpLEA2 genes of the date palm that survived and
underwent growth were selected and exposed to the stress treatments. The serial
dilutions of overnight yeast clone cultures were prepared (10− 1 to 10− 4/ 10− 5). These
dilution series were used to evaluate the sensitivity of yeast cells to various stress
treatments. Each dilution was then spotted onto solid YPD media with the stress
treatments.

3.11 Stress treatment analysis
The two types of abiotic stresses to which the recombinant yeasts exposed were
the salinity and heat stresses. The treatments for salinity stress were performed on yeast
strains AXT3K and W303, prepared on YPD media supplemented with 0 mM
(Control), 200 mM, and 400 mM of NaCl. After 2-4 days of incubation at 28-30°C,
the growth of the colonies was examined. The growth and survival of yeast
transformants were scored on the hyper-saline environments. To examine the heat
stress tolerance of the transformed yeasts, the yeast strain CDC25, was unveiled to the
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temperatures of 30°C (control), 37°C and 42°C. The yeast cell growth was monitored
through the calculation of their growth and survival at different day intervals. The
viability ratio of the transformants under salt and heat stress conditions were measured
using the following formula, Cell viability ratio = (colony numbers on stressed plate /
colony numbers on control plates) x 100%.
Table 4: Yeast strain genotypes

3.12 Bioinformatic analysis
A multiple sequence alignment of DpLEA2 genes were carried using ClustalW
ALGN within MEGA X. These were then subjected to phylogenetic tree construction
using Phylogeny (Maximum likelihood method; 1000 bootstrap tests). The DpLEA2
genes were compared with the available LEA2 gene sequences from different plants,
such as Solanum tuberosum (StLEA2.1 and StLEA2.2), Pinus tabulifurmis
(PtLEA2.1), Caragana korshinskii, (CkLEA2.2), Pseudotsuga menziesii, (PmLEA2.1,
PmLEA2.3, PmLEA2.4, PmLEA2.5, PmLEA2.6 and PmLEA2.7). DpLEA2 genes
and proteins conserved motif analysis was conducted using the program
MEME/MAST (http://meme-suite.org).
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3.13 Statistical analysis
Different statistical methods were employed for the analysis of the data
obtained through the results of the experiments. The results were presented as mean
values and standard errors. Data were tested using statistical analysis of the results
based on ONE-WAY ANOVA, excel 10 (version 1702), mean effects were considered
significant at P < 0.05.
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Chapter 4: Results
4.1 Date palm seedling Na+ and K+ analysis
Tissue culture date palm seedlings obtained from the Date Palm Tissue Culture
Laboratory (DPTCL) of UAEU, were used for stress treatments. The seedlings were
maintained at ½ MS liquid media in a growth chamber at 25°C with 16h of light and
8h of dark. Three weeks after salt stress application (250 mM NaCl) to ½ MS liquid
media (Figure 5), leaf and root samples for two different date palm cultivars (Lulu and
Khalas) were collected along with samples from the control treatments (0 mM NaCl).
The Na+ and K+ from the roots and leaves were quantified using the Inductively
Coupled Plasma Optical Emission Spectrophotometer (ICP-OES) at the Integrative
Agriculture Department Laboratory, UAEU.

A

B

C

Figure 5: Date palm seedlings under salinity treatment (250 mM). (A) Date palm
seedlings under control conditions 0 mM after 3 weeks (B & C) Date palm seedlings
under salt condition 250 mM NaCl after 3 weeks
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It was observed that the Na+ and K+ content increased under saline condition,
with the Na+ content remaining higher in both the cultivars leaves and roots grown
under saline conditions. The levels of Na+ and K+ were nearly more than half those
recorded under the control conditions. The cultivar khalas had comparatively less Na+
and K+ content than cultivar lulu. Results also indicated that the roots had minimum
Na+ and K+ content than that found in the leaves. The highest level of Na+ was
calculated for the leaves of lulu cultivar, while within the roots, the highest level of
Na+ and K+ was recorded for the khalas cultivar, similarly under the control conditions
the level of Na+ and K+ were higher for the cultivar khalas.
Date palm seedlings Na+ / K+ ratio under salt stress
1.60

Na+ / K+ ratio

1.40
1.20
1.00
0.80
0.60
0.40
0.20
CL

CR

SL

SR

Plant Varieties
Lulu Variety

Khalas Variety

Figure 6: Na+ / K+ ratio in date palm leaves and roots 250 mM sodium chloride
concentration. Each value is the mean ± SE (one-way ANOVA, P < 0.05)
The plants are able to differentiate between Na+ and K+, which can be dictated
by an index, the Na+/K+ ratio. The Na+/K+ ratio in the leaves and roots of the two date
palm varieties were studied (Figure 6). In general, it was found that by applying 250
mM NaCl in the growth media of seedlings, the Na+/K+ ratio increased in both the
varieties. The results depicted that the Na+/K+ ratio was closely similar for lulu and
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khalas cultivars. In both cultivars, the Na+/K+ ratio remained higher within their leaves
compared to the roots.

4.2 PCR amplification of DpLEA2 genes
Based on transcriptomic analysis, it was found that the DpLEA2 genes were
highly expressed differentially. The PCR amplification fragments of DpLEA2 genes,
DpLEA2.1, DpLEA2.2, DpLEA2.3, DpLEA2.6, DpLEA2.7, DpLEA2.5, DpLEA2.4
from P. dactylifera were 1058 bp, 756 bp, 988 bp, 639 bp, 651 bp unidentified, and
609 bp, respectively (Figure 7). The amplified fragments appeared to be consistent
with the expected sizes that were corresponding to the genes of the transcriptome of
P. dactylifera. The amplification of DpLEA2.5 gene didn’t generate a clear band and
was discarded. The amplified DpLEA2 genes were selected for in-depth

DpLEA2.4

DpLEA2.5

DpLEA2.7

DpLEA2.6

DpLEA2.3

DpLEA2.2

DpLEA2.1

1 kb

characterization and analysis.

1 kb

Figure 7: Gel electrophoresis of the amplified DpLEA2 genes using the DpLEA2
gene primers
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The amplified DpLEA2 gene bands were excised from agarose gel, and were
cloned using the NEB PCR Cloning Kit with pMiniT 2.0 vector and transformed
to E. coli competent cells (New England, BioLabs, Inc.). For the confirmation of the
presence of inserts, the plasmid DNA were digested using the restriction enzyme
EcoRI. The products of the digestion were analysed on a 1% agarose gel (Figure 8).
The digestion with EcoRI allowed the liberation of insert from the plasmid and
confirmed the corresponding size of DpLEA2 genes. The sequence of the DpLEA2
genes obtained by Macrogen TM, North Korea were used to perform a BLAST search
at the NCBI database. The results indicated that all cloned fragments had conserved
domains of the DpLEA2 proteins encoded by the corresponding DpLEA2 genes.
Therefore, it was confirmed that the cloned gene fragments were that of P. dactylifera
LEA2 genes.

1 kb

Figure 8: Gel electrophoresis representing the presence of DpLEA2 gene inserts in the
vector plasmid using EcoRI restriction enzyme
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4.3 Phylogenetic relationship
A phylogenetic relationship analysis (Figure 9) showed that the DpLEA2 genes
subgroups were contained in a large branch and were more closely evolutionarily
related except the DpLEA2.3. The DpLEA2.1, 2.2, 2.4, 2.6 and 2.7 variants displayed
a large similarity with StLEA2.1 and 2.3 genes. However, DpLEA2.3 showed a larger
closeness to PtLEA2.1 and belonged to branches of PmLEA2 genes. The high
sequence similarity between DpLEA2.1, 2.2, 2.4, 2.6 and 2.7 subgroups indicated that
these genes may have evolved through genome replication events and could have
similar functions.

DpLEA2.7

PmLEA2.3

CkLEA2.2
Figure 9: Phylogenetic relationship analysis of DpLEA2 genes. The date palm LEA2
variants are represented with red triangular bars, St, Solanum tuberosum LEA2 variants
are represented with green squares, Ck, Caragana korshinskii LEA2 variant is
represented with purple circle, Pt, Pinus tabuliformis with brown squares and Pm,
Pseudotsuga menziesii LEA2 variants are represented with blue triangular bars (MEGAX).
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The DpLEA2 genes possessed several group-specific characteristics. MEME
motif based sequence analysis search was performed for the six DpLEA2 genes. It was
found that three conserved motifs occurred in the DpLEA2 genes (Figure 10). Among
the six DpLEA2 genes, motif 3 was identified in all the six genes, while the motif 2
and 3 were present in five of the DpLEA2 genes. DpLEA2.1 gene possessed motif 2
and 3, but was devoid of motif 1. The DpLEA2.4 gene sequence included motif 1 and
3 with the absence of motif 2. In terms of the location of the motifs (Figure 10) motif
1 was present in the same location for DpLEA2.2, 2.4, 2.6 and 2.7, and was present in
a different location for the DpLEA2.3. However, the other two motifs occurred in
varied positions in the DpLEA2 gene sequences. Interestingly, the presence of one or
two conserved motifs in all the six DpLEA2 genes indicates a similar functional
property of abiotic stress tolerance in all the six DpLEA2 genes.

Figure 10: Motif analysis and distribution in six DpLEA2 genes using the MEME online
tool
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The MEME motif analysis was further carried out for five DpLEA2 proteins.
It revealed that the DpLEA2 proteins possessed three specific conserved motifs
(Figure 11), similar to the motif analysis of the DpLEA2 genes (Figure 10). Among
the five DpLEA2 proteins, motif 2 was present in all the five DpLEA2 proteins, while
the motif 1 was possessed only by the DpLEA2.2 and DpLEA2.4. The motif 3 was
present in the DpLEA2.2, DpLEA2.4 and DpLEA2.6. Motif analysis of the DpLEA2.3
and DpLEA2.7 indicated the presence of only motif 2 and were devoid of the other
two motifs. However, the presence of one or two conserved motifs in all the five
DpLEA2 proteins assured the homogeneous property of stress tolerance in the five
DpLEA2 proteins.

1.
2.

WYQGRFRFCWEEFPEFYQGHKNTT 3.
M
DVLIRNPN

RRRSCCC

Figure 11: Conserved domains and motifs of DpLEA2 proteins obtained by the MEME
5.1.1 software

4.4 Re-amplification of DpLEA2 genes with BamHI and EcoRI site primer
Two new primers containing restriction sites BamHI and EcoRI were
synthesized and used to re-amplify the corresponding DpLEA2 genes. The following
process is required for transferring the gene of interest from the pMiniT 2.0 vector into
pYES2 vector for expressing the genes of interest in the yeast cells. Based on the
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sequence of the genes of interest (DpLEA2 genes), BamHI and EcoRI were used as
restriction sites for the ligation of cDNA into the recipient plasmid DNA. The plasmid
DNA with the gene of interests were reamplifed with primers containing BamHI and
EcoRI sites at the start and stop codons. The amplified inserts analysed on 1% agarose
gel showed the expected results (Figure 12).
1 kb

DpLEA2.2

DpLEA2.3

DpLEA2.4 DpLEA2.6

DpLEA2.7

100 bp

Figure 12: Gel electrophoresis of re-amplified DpLEA2 genes using the primers with
BamHI and EcoRI restriction sites at the 5’ and 3’ ends

4.5 Cloning of DpLEA2 genes into pYES2 vector
The restriction digestion was performed with the re-amplified PCR products
using BamHI and EcoRI enzymes. The DpLEA2 gene fragments were subcloned into
the pYES2 vector prealably digested with the same restriction enzymes and
transformed to E. coli cells. The E. coli were grown on the LB+AMP plates and the
growth was as expected in each plate. From each of the individual colonies, four were
selected and transferred into LB+AMP liquid culture tubes for their growth overnight.
For the plasmid based PCR, the plasmid DNA was extracted by alkaline lysis
procedure (Plasmid Miniprep) and the PCR was carried out using the LEA2 primers
for each gene. The PCR products were analysed on the agarose gel (Figure 13).

49

The DpLEA2 inserts were identified in the colonies of DpLEA2.2, 2.3 and 2.4.
However, the presence of multiple fragments in the colonies with DpLEA2.6 and 2.7
indicated the inserts were not present in those transformed E.coli colonies. Therefore,
the study further concentrated work on the positive clones for DpLEA2.2, DpLEA2.3
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LEA 2.2 C1

and DpLEA2.4.

Figure 13: Gel electrophoresis of PCR reaction after the insertion of DpLEA2 genes
into the pYES2 vector

4.6 Expression of DpLEA2 genes into yeast cells
Since, inserts of DpLEA2.2, DpLEA2.3 and DpLEA2.4 were successfully
introduced into pYES2 vector. In addition, to get further insight into the functional
characteristics of these genes, three yeast strains, W303, AXT3K and CDC25 (Table
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4) were transformed separately with these three genes that were present in the
recombinant yeast vector pYES2-DpLEA2. After the transformation of yeast strains,
it was found that the recombinant yeast colonies survived and underwent growth on
YPD + ampicillin media. The recombinant yeast cells with DpLEA2 genes were
selected and challenged with the stress treatments.

4.7 Analysis of salt and heat stress tolerance of recombinant yeast cells
To analyse the functional characteristics of DpLEA2.2, DpLEA2.3 and
DpLEA2.4 on salt and heat stresses, pYES2 vectors that carried the genes of interest
and empty vectors were transferred into the different yeast strains, W303, AXT3K and
CDC25 (Table 4).
The relative tolerance of the selected yeast transformant to salinity conditions
of 200 mM and 400 mM, were carried out using the spot assay (Figure 14). For the
W303 yeast strain containing DpLEA2 genes, only DpLEA2.4 increased salinity
tolerance as observed when the yeast cells were exposed to stress treatments, which
was indicated by the growth rate of the colonies (Figure 14 (B) and (C)). The effects
of other two DpLEA2 genes were similar to the cells grown under the control
conditions (Figure 14 (A)), with no improvement in the growth of W303 yeast cells
under salt stress. There was significant difference between the empty plasmid and
DpLEA2.4 gene in gaining tolerance towards salinity, while for the AXT3K strains,
the majority of the transformant cells carrying DpLEA2 genes displayed similar
growth under control condition (Figure 14 (D)). The cells displayed no growth under
both the saline conditions 200 mM and 400 mM in comparison to the control
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conditions. As a result, it was indicated that DpLEA2 genes did not play a role in the
AXT3K yeast cells tolerance towards salinity (Figure 14 (E) and (F)).
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Figure 14: Spot assay and relative salt tolerance of selected yeast strains carrying DpLEA2
genes. (A) Yeast strain W303+DpLEA2 genes under control condition 0 mM NaCl (B)
Yeast strain W303+DpLEA2 genes under stress condition of 200 mM NaCl (C) Yeast
strain W303+DpLEA2 genes under stress condition of 400 mM NaCl (D) Yeast strain
AXT3K+DpLEA2 genes under control condition of 0 mM NaCl (E) Yeast strain
AXT3K+DpLEA2 genes under stress condition of 200 mM NaCl (F) Yeast strain
AXT3K+DpLEA2 genes under stress condition of 400 mM
In contrast to what was observed in salinity stress treatment, heat stress
treatments tested on yeast mutant CDC25 (very weak strain) at temperatures of 30°C
(control), 37°C and 42°C using the spot assay, showed very significant tolerance to
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heat stress (Figure 15). An improved tolerance towards heat stress was observed at all
the three temperature conditions in comparison to the control with empty vector at 101

to 10-4 serial dilutions (Figure 15 (A), (B) and (C)). The role played by the DpLEA2

genes in confronting the heat stress was evident. In terms of the control, empty vector
CDC25 yeast strain, the growth declined with increasing temperature, while no growth
was observed at the temperatures of 37°C and 42°C (Figure 15 (B) and (C)). However,
all the transformed CDC25 yeast strains, displayed an improved growth towards heat
stress treatments. Comparatively, the DpLEA2 genes resulted in a significant growth
under heat stress conditions, making it evident of their role in providing a greater
tolerance towards heat stress.
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Figure 15: Spot assay and relative heat tolerance of selected yeast strains carrying
DpLEA2 genes. (A) CDC25+DpLEA2 genes under heat stress of 30°C (B)
CDC25+DpLEA2 genes under heat stress of 37°C (C) CDC25+DpLEA2 genes under
heat stress of 42°C
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The number of colonies formed by the W303 strain due to expression of
DpLEA2.4 gene remained higher than the number of colonies of W303 strains with
empty vector plasmid and the other DpLEA2 genes. The expression of DpLEA2.4
gene in W303 yeast resulted in increased colony formation under different NaCl
concentrations (200 mM and 400 mM) (Figure 16 (A)). The AXT3K strains colony
numbers decreased as the strains were subjected to the salinity stresses. At 400 mM
NaCl concentration, very few colony numbers were recorded in reference to the strains
grown under the control conditions of non-salinity. However, a significant decrease in
the colony numbers was noted for AXT3K strains as the cells were moved to stress
treatments with the DpLEA2 genes providing no protection to the colony growths
(Figure 16 (B)).
The colony numbers were measured for recombinant CDC25 yeast strains in
response to adverse heat stress. The result showed that the transformation of CDC25
yeast strains with DpLEA2 gene was associated with higher number of colonies as
compared to CDC25 yeast strains with empty vector. For the CDC25 yeast strains,
under the same cultural conditions and temperature of 30°C, both the control and
recombinant yeast strains survived but the recombinant strains possessed the higher
number of yeast colonies (Figure 17). As the temperature was raised to 37°C and 42°C,
the control yeast strains showed slight to no survival, compared to the recombinant
strains with the DpLEA2 genes, displaying high survival and increased number of
colonies (Figure 17). The results indicated a significant difference between the colony
numbers of yeasts with DpLEA2 genes and empty vector.
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Figure 16: The colony numbers of yeast strains under the salt treatments. (A) Yeast
strain W303+DpLEA2 genes under different salinity treatments (one-way ANOVA P
< 0.05). (B) Yeast strain AXT3K+DpLEA2 genes under different salinity treatments.
Each value is the mean ± SE (one-way ANOVA, P > 0.05)
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Figure 17: The colony numbers of yeast strain CDC25 under different heat
treatments. Each value is the mean ± SE (one-way ANOVA, P < 0.05)
To further examine the protective properties of DpLEA2 genes, the cell
viability of the three yeast strains were investigated.

There was significant

improvement for the DpLEA2.4 transformed yeast cells and the empty vector W303
strains, as DpLEA2.4 W303 yeast cells possessed a cell viability within the range of
80 – 130%, highly viable, under the different salt stress conditions (Figure 18 (A)). In
the strain AXT3K, under salinity stress of 200 and 400 mM NaCl, overexpression of
DpLEA2 genes didn’t improved the cell viability, a cell viability between 0 – 20%,
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low viability was attained in the transformed and non-transformed strains, as a result,
no improvement was indicated for the salinity stress in AXT3K strain (Figure 18 (B)).
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Figure 18: The viability of yeast strains under salt treatments. (A) Yeast strain
W303+DpLEA2 genes salinity stresses (one-way ANOVA, P < 0.05). (B) Yeast
strain W303+DpLEA2 genes salinity stresses. (one-way ANOVA, P > 0.05)
However, under the high temperature stresses of 37°C and 42°C, the DpLEA2
genes undertook a more tolerant path for the viability of the CDC25 yeast cells. The
overexpression of DpLEA2 genes in yeast strain CDC25 resulted in a significant
increase of cell viability, ranging between 80 – 130%, highly viable, in comparison to
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CDC25 yeast strains with empty vector under the heat treatments (Figure 19). These
data confirm the diverse expression of DpLEA2 genes in CDC25 yeast strain,
enhances its growth and tolerance to heat stress.
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Figure 19: The viability of yeast strain CDC25 under heat stresses. Each value is the
mean ± SE (one-way ANOVA, P < 0.05)
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Chapter 5: Discussion
The introduction of agricultural biotechnology proffers new approaches for the
genetic improvement of crops for production under arid climates. In this study, the
genomics of date palm, an important economic fruit crop in arid regions, was examined
for their tolerance under the harsh abiotic climates of the arid regions. Functional
genomic study was undertaken to dissect the role of a particular gene (LEA2) from the
date palm cultivar that exhibited enhanced tolerance to salinity stress. The response of
date palm cultivars (Lulu and Khalas) to salt stress was investigated by measuring the
Na+/K+ ratio. The tissue Na+/K+ ratio has often been considered as central to salt
tolerance in various plant species (Asch et al., 2000). This variation is attributed due
to the ability of plants that are able to prevent Na+ accumulation in their tissues. As a
result, both lulu and khalas cultivar had low Na+/K+ ratio in both the leaves and roots,
due to the date palm being a salt tolerant plant. In general, selection of plants with low
Na+/K+ ratio in their tissues may be sufficient to pick up salt tolerant genotypes.
However, due to the complexity of the whole-date palm nutrient uptake process, it is
not clear where the exclusion of Na+ takes place. Some possibilities as suggested by
(Chen et al., 2007) could be the exclusion of Na+ by roots during the uptake of
nutrients; through preventing the loading of Na+ into the xylem and unloading it
through other parts of leaves. However, there are certain proteins, LEA proteins, which
are encoded by LEA genes, are thought to play a role in such phenomenon. Thus, the
study further concentrated on identifying and characterizing LEA2 genes from the date
palm khalas cultivar genome.
The LEA genes are a pivotal agent during the embryonic development and to
abiotic stresses present in the growing environments of different species in the plant
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kingdom. Their functions have been demonstrated towards different plant reactions
against environmental pressure (Lan et al., 2013). In view of P. dactylifera, little about
LEA genes have been known, particularly with no studies on the specific DpLEA2
genes functional properties. The molecular analysis targeted seven gene members for
the seven LEA2 protein subgroups from the P. dactylifera. However, in this study,
three DpLEA2 gene variants (DpLEA2.2, DpLEA2.3 and DpLEA2.4) were cloned,
while others were left due to their incomplete extraction (DpLEA2.5), no reamplification (DpLEA2.1) and due to unsuccessful insertion of specific genes into the
plasmid vector for yeast transformation (DpLEA2.6 and DpLEA2.7).
Based on phylogenetic analysis, the six extracted and sequenced DpLEA2
genes represented closeness to one another except the DpLEA2.3. A comparison study
was carried out with other LEA2 subgroup genes with the sequences available in the
NCBI database. The DpLEA2.1, 2.2, 2.4, 2.6 and 2.7 subgroups showed a large
similarity with StLEA2.1 and 2.3 genes. However, DpLEA2.3 drifted apart from the
other DpLEA2 genes, showed a larger closeness to the PtLEA2.1, and belonged to the
nodes of PmLEA2 genes. Motif analysis of the DpLEA2 genes and proteins depicted
certain preserved repeated sequences (Figure 10 and 11) The high sequence similarity
between DpLEA2.1, 2.2, 2.4, 2.6 and 2.7 variants indicated that these genes may have
evolved through genome replication events and could have similar functions. Such
outcomes advocate that DpLEA2 genes and proteins possess similar properties.
Moreover, the preserved repeated sequences in DpLEA2 variants advocates their
derivation because of replication patterns and build-up within the DpLEA2 gene
variants.
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Only a few studies made rounds on genomics of date palm confrontation to
ecological pressures. The date palm is expanded widely in the dry regions of the world
(Reichgelt et al., 2018). The slight osmotic pressure with soaring temperature impacted
arid region date palm production (Haj-Amor et al., 2016). The date palm seeds are
sensitive to environmental pressures as reported by Hazzouri et al. (2020). Further
investigations indicated seed lifetime decreases with decline in the LEA protein in
some plants including Arabidopsis (Hundertmark et al., 2011). This may count true
for P. dactylifera. The LEAs are regarded to be a central agent for early plant
development and towards the abiotic stresses (Nagaraju et al., 2019). In this study,
three of DpLEA2 gene variants analysed showed to increase the tolerance to heat
stress, while only DpLEA2.4 displayed major improvement in salt stress tolerance.
Brini et al. (2010) showed that wheat dehydrin DHN-5 exerted protection towards heat
on the activities of -glucosidase and glucose oxidase, making them more tolerant and
active at temperatures of 70°C. These genes come from the LEA2 groups, with similar
properties to other LEA2 genes. Consequently, the contemporary study is the initial
confirmation of date palm LEA2 genes enhancement of tolerance to elevated heat and
salt conditions.
Contemporarily, the functional expression screening of LEA genes from a
range of different organisms are flourishingly conducted in bacterial and yeast cells
that are subjected to abiotic stresses. A preceding study conducted by Dalal et al.
(2009) represented rapeseed LEA4 improved the tolerance of yeast cells osmotic and
high temperature stress. Wang et al. (2008) studied a LEA gene from Tamarix
introduced to yeast cells displayed high protection to heat, osmotic, cold and other
environmental pressures. Relatedly, all the three DpLEA2 (DpLEA2.2, DpLEA2.3
and DpLEA2.4) genes have enhanced the tolerance of yeast strains under the abiotic
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stress of heat. Additionally, Liu et al. (2016) focused on a maize LEA3 gene and its
expression in E. coli, which showed to enhance their tolerance to low temperature.
However, the current study didn’t target the role of DpLEA2 genes under low
temperatures. As its evident most of the preceding examinations fundamentally
investigated other LEA groups (three, four and SMP’s), hardly, LEA2 and their subgroups have been examined. In this study, three DpLEA2 (DpLEA2.2, DpLEA2.3 and
DpLEA2.4) genes were studied that have shown to increase the tolerance of yeasts to
heat stress and DpLEA2.4 gene increased salinity tolerance, stipulating their function
in stress responses. Thus, the study presented for the first time that P. dactylifera LEA2
genes enhances the tolerance to high temperature and salinity, particularly in the desert
climate. Therefore, DpLEA2 genes represent diverse adaptation to heat and salt stress.
As it is shown, clearly, DpLEA2 genes increased resistance of weak yeast strain
CDC25, that usually requires a temperature of around 25°C to 30°C for its survival,
while the DpLEA2.4 enhanced the resistance of W303 yeast strain towards salinity.
The viability ratio under the heat stress recombinant CDC25 yeast strains were higher
than that of the control strains. DpLEA2.4 induced higher tolerance to salt stress with
high cell viability, similar with previous studies of the other groups of LEA genes
(Paul et al., 2014). A recent investigation studied the purpose of some Arabidopsis
LEA proteins in yeast cells grown under abiotic pressures, the outcome of their study
depicted that LEA2 in addition to other LEA genes had enhanced the Saccharomyces
cerevisiae tolerance to abiotic stress (Dang et al., 2014). It is in relation to the role of
DpLEA2 genes from the current study.
A study conducted by Ling et al. (2016) found correlational results to that of
current study. The authors of their study were able to express LEA6 and LEA7 genes
from the Dendrobium officinale in E. coli. The expression of these genes improved the
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growth performance of E. coli compared to the controls under salt and heat stress.
However, the tolerance level were diverse among the bacterial groups. In addition, the
results of present study showed a close proximity with Arabidopsis LEA2 genes
properties as revealed by Dang et al. (2014), that two of LEA2 genes from the
Arabidopsis thaliana improved the desiccation tolerance within the yeast system. As
a result, the DpLEA2 genes played akin role to as suggested of their protective function
under abiotic stresses (Park et al., 2011).
Gao and Lan (2016) in their study to assess the protective function of PtaLEA,
Pinus tabuliformis LEA genes, represented with the transferring of 13 LEA genes from
Pinus tabuliformis into Escherichia coli under heat and salt stresses. In relation to the
non-treatment conditions, the Escherichia coli that contained the PtaLEA genes
presented improved temperature and osmotic tolerance and vitality that indicated role
of PtaLEA genes under stress conditions. It was reported by Duan and Cai (2012), that
the overexpression of LEA3.2 from Oryza Sativa into the yeast improved growth
performance in comparison to the control under salt- and osmotic-stress conditions,
similar to DpLEA2 genes in the following study. In addition, Brini et al. (2007)
indicated that the overexpression of wheat LEA2 gene, dehydrins in Arabidopsis,
enhanced resistance towards osmotic stress. Similarly, the Ipomoea pes-caprae LEA
genes, IpLEA overexpression in Arabidopsis thaliana seedlings and adult plants
displayed higher tolerance to salt and drought stress than the wild-type, such transgenic
plants also possessed higher tolerance to oxidative stress than the wild-type
Arabidopsis (Zheng et al., 2019). However, the current study limited the functional
properties of DpLEA2 genes on yeasts, to further assess the function of DpLEA2 genes
in plants, transgenic Arabidopsis thaliana plants overexpressing DpLEA2 genes
should be generated.
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Therefore, it is seen that the LEA gene possess a large collective role in stress
reaction as the different groups of LEA genes act as a common part in plant acclimation
of environmental pressures. It could be because largely preserved repeated sequences
and amino acids water affinity property as it was found in LEA3 (Singh & Graether,
2020). The DpLEA2 genes depicted differential confrontation towards high
temperature and salinity, as displayed by different yeast strains used in the study.
DpLEA2 genes increased the resistance of CDC25 yeast strains to heat stress, and
DpLEA2.4 increased the resistance of W303 yeast strains with a high colony growth
and viability than the control strains. Since, the LEA genes are vital for reacting to
environmental pressures, cellular functional mechanisms of plant LEAs have been
demonstrated into three ways. It can be through sequestering by binding to ions, ROS,
or sugars, maintaining the structural integrity by binding to different membranes and
through their molecular shield developed for safeguarding active enzymes, as well as
by acting as a disordered chaperone for refolding the misfolded proteins (Sun et al.,
2013).
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Chapter 6: Conclusion
The availing of plant genes for prime tolerance towards abiotic stresses are
salient for the make-up of tolerant transgenic plants. In the contemporary study, the
LEA2 genes were identified and characterized for the first time in P. dactylifera
genome. The LEA2 genes encodes for the LEA2 proteins that is part of the large LEA
proteins family. Based on the transcriptomic analysis, a total of 62 LEA2 genes were
found to be abundant within the P. dactylifera.
Out of the 62 DpLEA2 genes, five DpLEA2 genes were preliminarily analysed
and three of them were cloned successfully for the elucidation of their functional
characteristics and exploration of their outcome on abiotic stress tolerance (heat and
salt stresses). All the five DpLEA2 genes showed a high sequence similarity and
contained specific conserved motifs. In the broader image, it indicated that these genes
may have evolved through the date palm genome replication events and perhaps
possess similar functions of abiotic stress tolerance.
LEA2 genes derived from the transcriptomic analyses of P. dactylifera
seedlings treated with 250 mM NaCl, were selected for characterization in yeast
knockout strains. Three DpLEA2 genes (DpLEA2.2, DpLEA2.3 and DpLEA2.4) were
cloned into different yeast strains (W303, AXT3K and CDC25). The three DpLEA2
genes were tested by yeast spot assays under different NaCl concentrations (200 mM
and 400 mM) and heat treatments (30°C, 37°C and 42°C). In the salt stress treatments,
only DpLEA2.4 gene improved salinity tolerance of W303 yeast strain with no major
improvement notice on the AXT3K yeast strain, while for the heat stress treatments,
the CDC25 yeast strain experienced a significant growth and viability both at 37°C
and 42°C. Initially, the CDC25 yeast strain is considered as a weak strain and usually
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survives at maximum 30°C or room temperature. Of the three DpLEA2 genes, all of
them improved the growth of CDC25 yeast strain under heat stress treatments.
However, only DpLEA2.4 presented major improvement towards the salinity stress
treatments. Despite some biological limitations, the yeast functional screening
bioassay in this study was able to identify the potential role of DpLEA2 genes in heat
and salt stress tolerance of P. dactylifera. With their ability to protect CDC25 yeast
cells from heat stress damage and W303 yeast cells from salinity stress, this may
indicate a physiological role of these genes in the stabilization of enzymes or other
proteins under heat and salt stress conditions. Obviously, further in vivo studies will
be imperative to investigate this hypothesis.
Consequently, the results stipulate that DpLEA2 genes have a notable role in
ameliorating the tolerance and survival ability of plants or organisms under heat and
salt stresses that could constitute them as promising candidate genes for heat and salt
stress tolerance in transgenic plant research. However, further molecular analysis is
required for their supplemental characterization allowing their use in research lines
aiming to enhance the heat and salt stress tolerance of date palms. Finally, the results
of present study bring a prospective genetic tool to be applicable for opting date palms
in propagation programs aiming heat and salt stress resistance varieties.
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